FACILITY FORM 602

4 %

{NASA CR OR TMX OR AD KUMBER)

¢
=y (THRU)
(CODE)
(CATEGORY)

JET PROPULSION LABORATORY
CALIFOARNIA\INSTITUTE OF TECHNOLOGY
PASADENA. CALIFORNIA

PRRERFRERRERNMEERNNI IR I IR IIIIE 1 2 M R COOQIHHIIHOZ ~Z2Z> - oI O Z—0MMZ — O Z m IS s ninssni



ENGINEERING PLANNING DOCUMENT
NO. 105

POST INJECTION
STANDARD TRAJECTORY
RANGER P-36 (RA-5)
VOL. I

EPD-105 21 September 1962

Approved:

0 (e

V. C. Clarke
Trajectory and Performance Analysis

Author: W. E. Kirhofer

Vol. I
of
2 Volﬁmes

JET PROPULSION LABORATORY
CALIFORNIAINSTITUTE OF TECHNOLOGY
PASADENA. CALIFORNIA



EPD-105

Foreword

FOREWORD

For the RA-5 lunar mission, the trajectories
defined in EPD No. 4 are obsolete. The updated
RA-5 standard trajectories are based on thelaunch

dates in the confidential addendum of this document.

Generally, the information contained in EPD
No. 105 pertains to the postinjection phase of the
trajectory. The publication of the complete RA-5
standard trajectories are contained in the Space
Technology Laboratories, Incorporated document,
Launch to Impact Targeting Trajectory, Ranger-5,
No. 8990-6011-TCO001.

A Trajectory Listing of the JPL Standard
Trajectory will be presented in Vol. II. This list-
ing gives trajectory conditions at injection and
lunar impact for eachday launch at launch azimuths
of 93, 102, 111 degrees. Vol II will be distributed
after Oct. 6, 1962.
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EPD-105 Section I

SECTION I
INTRODUCTION

For lunar missions, the standard trajectory must have time-variant

characteristics in order to compensate for changes in celestial geometry within

e
3K

the firing window. " Such time-variant characteristics must be considered in
engineering design and may be observed by examination of a set of trajectories
as presented in this document which cover the variations expected throughout

the firing windows under consideration.

The Ranger schedule has been altered since the publication of EPD No, 4
(EPD No. 4 is now obsolete). The current RA-5 launch dates are presented in
the confidential addendum to this report. Changes in schedule affect the lunar
missions because of the continuously changing position of the celestial bodies.
The result of the latest schedule change was to shift the injection locations over
the Earth's surface and to alter the flight time (and, therefore, the ir;flpact

speed).

A, MISSION
1. Objectives

The RA-5 mission is the third of three (RA-3, RA-4, and RA-5)

lunar impact missions designed to achieve the following objectives:

(a) To collect gamma ray data in flight and at the vicinity of
the Moon.

(b)  To obtain photographs of the surface of the Moon.

(¢) To transmit lunar seismic data after landing.

(d) To experiment with a trajectory error correction.

(e) To experiment with the terminal attitude maneuver.

(£) To continue development of basic spacecraft technology.
2. Launch vehicle

The launch vehicle consists of a Convair D Mod. II first stage and

a Lockheed Agena B second stage.

O3

See page I-3
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Spacecraft

The Ranger 5 spacecraft (P-36) demonstrates an advanced concept in
spacecraft design. Attitude and control capabilities provide space-
stabilization and control throughout flight. A midcourse correcting
guidance and terminal attitude reference maneuver are commanded
from the Goldstone tracking station. For the RA-5 mission, the
scientific experiments will consist of the gamma ray, lunar seis-
mometer and vidicon experiments., The seismometer is contained
in a capsule designed to withstand a semisoft landing on the Moon
following a retrorocket maneuver designed to minimize the lunar

impact velocity.

B. TRAJECTORY

A trajectory may be considered as being comprised of two parts; the

preinjection phase, and the postinjection phase. The preinjection phase con-

sists of all powered flight and coast periods from launch to injection (burnout

of the last stage). The postinjection phase consists of the coast period from

injection to lunar impact.

1.

Preinjection phase

The Agena/Ranger combination is boosted in turn by the Atlas and
Agena stages into a 100 nautical mile circular parking orbit. The
Agena/Ranger coasts in the parking orbit until reaching the vicinity
of perigee of the lunar transfer ellipse. The Agena second burn then
provides the required final velocity increment prior to spacecraft

injection.
Postinjection phase

For RA-5 trajectories, injection occurs about 3.3 degrees past
perigee of the geocentric conic resulting in a transfer ellipse with
lunar flight times (from injection) close to 66 hours. This flight
time interval was selected upon the basis of visibility of lunar impact
with regard to the Goldstone tracking station and certain guidance

accuracy considerations.

I-2
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C. LAUNCH PHILOSOPHY

1. Launch period
The launch period of the RA-5 mission was determined primarily by
engineering constraints imposed by attitude and control and the
scientific experiments. The first day in the launch period was deter-
mined by the minimum allowable Earth-Probe-Sun (EPS) angle of
73 degrees near lunar encounter (see Fig.28 ). This minimum EPS
angle is required to ensure that sunlight will not bias the light ‘
reflected from Earth as observed by the spacecraft earth sensor.
The last day of the launch period was determined by the lunar arrival
conditions. Throughout the period for which lunar impact occurs
changes in lunar lighting are characterized by the terminator advanc-
ing approximately 14 degrees per day across the lunar surface.
(See Fig. 33 ). The combined constraints of impact lighting conditions
and location of impact from the Earth-Moon line limit the launch

period to four consecutive days near lunar third quarter.

Trajectories for four launch dats near lunar third quarter are pre-
sented in this document to encompass all acceptable launch dates
for the month under consideration. These launch dates are given in

the confidential addendum to this document.
2. Firing window

A combination of launch times which comprise the firing window may
be achieved only by accumulating a range of permissible launch
azimuths. This dependency results from the fact that due to the con-
tinuous change in the geometry of the celestial bodies each discreet

launch azimuth has but one appropirate launch time.

For the RA-5 mission the launch azimuths are restricted between

93 and 111 degrees by range safety considerations. The actual per-
missible launch azimuths within this range are determined by telemetry
and tracking considerations. The firing windows for the RA-5 mission,
as dictated by the actual permissible launch azimuths, can be found by
examining Figure 10, This figure presents the Greenwich Mean Time

(GMT) of launch as a function of launch azimuth for each launch day.

I-3
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D, SEQUENCE OF EVENTS

The RA-5 sequence of events is shown schematically in figures 2 through 5.
Specific times for certain events vary depending upon launch time and launch
day. Selected event times from launch versus launch azimuth are shown in
figures 12 and 13.

E. SUNLIGHT CONDITIONS DURING FLIGHT

Because the RA-5 standard trajectories are designed to impact the Moon
during the lunar day, the probe will be in direct sunlight except for brief
periods during its travel in the vicinity of the Earth. The probe never enters
the shadow of the Moon. The time that the spacecraft spends in the earth's
shadow will vary according to launch date and launch azimuth as shown in
table II and figures 12 and 13.

F. CONSTRAINTS ON ARRIVAL CONDITIONS AT MOON

For the most part, the lunar arrival conditions are constrained by the

lunar impact time, the vidicon experiment, and seismometer experiment.
1. Lunar impact time constraint

a. Lunar impact for the standard trajectories must not occur
earlier than three hours after the spacecraft rises on the
Goldstone tracking station horizon. Two hours are required
to perform the following: 1) acquire and track the spacecraft,
2) verify the orbit, 3) transmit and confirm transmission of
the terminal maneuver command to the spacecraft, 4) initiate
the terminal maneuver 65 minutes prior to impact. Another
hour is specified as the three sigma dispersion in the time of
arrival.

b. Lunar impact for the standard trajectories must not occur
earlier than one hour before the capsule reaches the Goldstone
tracking station telemetry limit. This will provide reception of
telemetry to lunar impact. The one hour is again specified as
the three sigma dispersion in the time of arrival.

1-4
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2. Vidicon experiment constraints

a. For photographic purposes the lighting angle (Sun-Moon-Probe
angle) at lunar impact should be between 55 to 65 degrees.

b. The unretarded impact velocity vector should be within 25 degrees
of the local vertical. Non-vertical impact trajectories (biased)
reduce the amount of nesting of the vidicon pictures during the
final descent. The vidicon camera will be aligned parallel to the

unretarded velocity vector at impact.
3. Seismometer experiment constraints

a. The unretarded impact velocity is to be nearly constant for all
launch days during the launch period. This constraint is specified
in order that a fixed impulse retro-rocket and capsule combination
may be used. This condition implies that the second Agena cutoff
constant may be fixed for any given launch day but must be changed
between launch days throughout the launch period.

b. The Earth-Moon-Probe angle should be less than 55 degrees
during the three month period following lunar impact. This will
keep the Earth within the lobes of the seismometer antenna

pattern to give acceptable Moon to Earth signal strength.

G. SELECTION OF IMPACT LOCATIONS FOR THE RA-5 STANDARD
TRAJECTORIES

Originally the RA-5 standard trajectories were designed to descend verti-
cally onto the lunar surface. ’waever the lighting conditions change so rapidly
each day that the required lighting conditions could be met only by biasing the
trajectories from the vertlcal impact locations (see figure 33 ). From the
range of impact locations at a constant distance from the terminator where the
required lighting conditions are satisfied desirable impact locations could be
selected. The selections must of course keep in mind the remaining constraints
on lunar arrival conditions, i.e., the Earth-Moon-Probe angle at impact and
the angle between the unretarded velocity vector at impact and the local

vertical.
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The vertical impact locations and the selected biased impact locations are
shown in figure 33. Except for the first day launch the standard trajectories
impact at the selected impact locations. For the first day launch two possible
impact locations were selected. The standard trajectories for the first day
launch impact between the two selected impact locations and have, except for

location, nearly the same impact conditions.

H. MOON ARRIVAL CONDITIONS

The unretarded velocity vector at impact is canted from the local vertical
by approximately two thirds the amount the biased impact location is from the
vertical impact location (great circle arc measured on the moon's surface).
This velocity vector lies in a plane defined by the vertical and biased impact
locations and the Moon's center. The nominal unretarded impact velocity is
2.612 kilometers per second. The impact geometry and lighting conditions are

shown in figure 33 for each day launch.

I. EXPLANATION OF TABLES III-1 TO III-4

The trajectory conditions tabulated under "JPL'" are taken from the RA-5
trajectories designed by the Jet Propulsion Laboratory (JPL) using approximate
preinjection trajectory characteristics to achieve the impact conditions outlined
in paragraph G - Selection of Impact Location for the RA-5 Standard Trajec-
tories. Impact conditions from these JPL trajectories were specified to Space
Technology Laboratories, Incorporated (STL) as design criteria for the STL
launch to impact targeting trajectories (ref. 1). These STL trajectories were
generated with simulated actual flight conditions. Trajectory conditions from

the STL targeting trajectories are tabulated under ''STL".

The impact conditions of the STL targeting trajectories are not the exact
desired impact conditions. However, the differences are small when compared
with those which may result from inaccuracies in the over-all guidance system.
For all expected flight conditions, the midcourse maneuver is designed to

correct the actual flight tfajectory to achieve the desired impact conditions.

The STL targeting trajectories best represent the actual flight injection
conditions while the JPL standard trajectories best represent the actual flight

impact conditions.

I-6
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The coordinates of injection, except for inertial speed, are all relative to
a rotating Earth. Path angle is measured from the geocentric local horizontal
plane and azimuth angle is measured in the geocentric local horizontal plane
eastward from true north. Geocentric latitude is measured positive north of
the Earth's equator and geocentric longitude is measured positive east of

Greenwich meridian.

The coordinate of impact except for inertial speed, are relative to a
rotating Moon. Path angle is measured from the selenocentric local horizontal
plane and azimuth angle is measured in the selenocentric local horizontal plane
eastward from the selenocentric north direction. The selenocentric latitude
and longitude are defined in figure 34. The geocentric latitude and longitude
are as defined above except for the probe at impact. The miss parameters

B.T and B+R are defined in the nomenclature.

The Earth-Moon-Probe angle indicates the impact location on the lunar
surface referenced to the Earth-Moon line. The lighting angle is the angle
between the Moon-Sun line and the impact vertical, and indicates the time of

impact during the lunar afternoon.

J. TRACKING CHARACTERISTICS

Maps showing the Earth track of the 93, 102, and 111 degree launch
azimuth trajectories for each launch day are shown in figures 6 to 9. The
viewing periods for selected tracking stations in GMT vs launch azimuth from
launch to impact are shown in figures 14 to 17, The station elevation angle vs
time for the first hours past injection are presented for Johannesburg and
Woomera in figures 19 to 26. For detailed analysis, a complete set of post-
injection trajectories with station parameters are stored on magnetic tape and
are available on request from W. E. Kirhofer, Jet Propulsion Laboratory,
Extension 1317.

I-7
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SECTION II

TABLES
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Table I. Firing Windows

FIRING WINDOW
LAUNCH DAY (FOR A LAUNCH AZIMUTH

RANGE FROM 93 TO 111 DEGREES)

MINUTES

170
167
162
154

oW N

*A DISCUSSION OF FIRING WINDOWS IS PRESENTED ON PAGE I-3.

II-2
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Table II. Lighting Conditions During Flight
Launch Launch Enter Earth's Leave Earth's Time Spent Injection

Day Azimuth Shadow Shadow Earth's Shadow Time
GMT GMT GMT

Degrees Hr.  Min, Hr. Min, Min. Hr.  Min.

1 93 14 54.2 15 19.8 25.6 14 50.3

102 16 15.2 16 37.3 22.1 16 11.3

111 17 36.8 17 51.6 14.8 17 32.1

2 93 15 57.8 16 9.5 21.7 15 58.0

102 17 17.7 17 37.5 19.8 17 18.1

mn 18 36.7 18 53.2 16.5 18 37.2

3 93 17 2.9 17 30.6 20.7 17 14.0

102 18 27.7 18 47.6 19.9 18 32.1

111 19 42.8 20 1.1 18.3 19 47.6

4 93 18 26.5 18 48.6 22.1 18 34.9

102 19 41.0 20 2.8 21.8 19 49.7

m 20 51.2 21 12.5 21.3 21 00.5
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VERTICAL IMPACT
LOCATIONS

NOTE: - The day of launch assoclated with the lunar
geometries is denoted by the encircled numbers]

X denctes selected impact location

Figure 33. Lunar Lighting and Trajectory Geometry at Impact of Probe
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- Z

ORBITAL MOTION
OF MOON MOON

‘\

LUNAR EQUATOR

MEAN
MOON-EARTH
LINE

LUNAR MERIDIAN

The selenographic longitude (A) and latitude (u ) for the
point P on the moon's surface are shown in the positive
directions respectively.

NOTE: The selenographic coordinates of the true Moon-
Earth line are time variant.

Figure 34. Definition of Selenographic Coordinates
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Section IV

Firing Window

GMT

Launch Period
Launch Time, tL
Launch Azimuth

Miss Distance

Vectors

(0211

P31

=e ]}

-
ot

Unretarded
Velocity

View Period

Vis Viva Energy,

Cs

NOMENCLATURE

The time interval in any one day during which firings
may be attempted.

Greenwich Mean Time.

The number of consecutive days on which launchings
may be attempted.

The time at which a launching will be attempted. Lift-
off time and launch time are interchangeable.

A direction in space normal to the Earth-centered
radius vector, centered at the probe, and directed
down range at launch.

Miss distances can be described by specifying two
components of the impact parameter, f’;, B the
position vector in the plane of the trajectory originating
at the center of gravity of the target and directed
normally to the incoming asymptote of the hyperbola,
is approximately the vector miss which would occur

if the target had no mass.

A unit vector in the direction of the incoming
Asymptote.

A unit vector perpendicular to §that lies in the orbital
plane of the target.

A unit vector which forms the right-handed system

R, S, 7™ R=SxT.

Projection of the impact parameter B upon the vector

-

T. -
Projection of the impact parameter B upon the vector

-y

R.

Trajectory condition for which no retro-rocket

impulse has been applied.

The interval of time during which the probe is visible
to the tracking station.

Twice the total energy per unit mass (Kilometerszl
Secz).
C3= V=
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EPD - 105

Section V

REFERENCES

1. Space Technology Laboratories, Incorporated, Launch to
Impact Targeting Trajectories, Ranger V, Volume 1
STL No. 8990-6011-TC001,

2. Jet Propulsion Laboratory, Engineeri_gg Planning Document

No. 4, Standard Trajectory Atlas/Agena, Ranger 5

Postinjection.




